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SUMMARY 
1. Five types of injury were inflicted on oats, barley and 
winter wheat at weekly intervals from May 11 to July 6. 
2. Complete destruction of above ground parts increased 
the percentage of injury from 10 percent for oats, 43 percent 
for barley and 70 percent for wheat on May 11 to total loss for 
oats on June 15, barley on June 8 and wheat on June 1. 
3. Cutting off all leaves above the growing point reduced 
yields about in proportion to the percentage of leaf area re-
moved at each weekly interval. 
4. Whipping severely enough to break all plants resulted 
in increasing the percentage of injury for oats from 10 percent 
on May 11 to 69 percent on June 15, for barley from 22 percent 
on May 11 to 72 percent on June 15, and for wheat from 25 
percent on May 11 to 77 perccnt on June 15. 
5: Bruising the developing heads before they had emcrged 
reduced the yield of oats 10 percent on June 8, 8 percent on 
June 15 and 10 percent on June 22. Barley yields 'vel'e re-
duced 25 percent as a result of this injury when inflicted on 
June 8, 10 percent on June 15 and 51 percent on June 22. 
Wheat yields were reduced 9 percent for May 25, 10 percent 
for June 1, 13 percent for June 8 and 20 percent for June 15. 
6. Bruising the heads apparently increased the amount of 
sterile spikelets but was not the only cause of thi.s condition. 
7. Breaking the stems about the middle, so that thc heads 
hung straight down, reduced yields progressively less from 
early in Junc until the grain was mature. Yields of oats were 
rcduced at succeeding weekly inte'rvals from Jun e 8 to ,July 6, 
47 percent, 37 percent, 31 percent, 24 percent and 12 pcrcent, 
respectively, and barley for the same periods, 50 percent, 28 
pcrccnt, 28 percent. 12 percent and 11 percent. This injnry to 
,,"heat at weekly intervals from June 1 to June 29 reduced yields 
4·4 percent, 42 percent, 31 perccnt, 14 percent and 8 percent, 1'e 
spcctivciy. 
The Effect of Injury in Imitation of 
Hail D'amage on the Development 
of Small Grain! 
By JOHN C. ELDREDGE 
Hail is one of the important causes of crop damage in Iowa as 
the author brought out in a former publication (3) . Losses 
from hailstorms during the 8-year period, 1923 to 1930, were 
reported in 35 percent of the townships of the state. The aver-
age annual loss to Iowa farmers is estimated at over 4% mil-
lion dollars. Hail insurance, as measured in terms of gross 
premium income, is nearly as important as all other forms of 
farm mutual insurance combined (3). 
. Iowa is the leading oat state and also produces a relatively 
large acreage of wheat and barley. Hail losses on small grain 
are probably as great, in proportion to the value of the crop, as 
on corn or other field crops, and there is almost as much hail 
insurance on small grain crops, in proportion to value, as on 
eorn. The difficulty of making loss adjustments, especially at 
the early stages of growth, is no doubt as great as with corn 
(3) . Just how greatly certain types of injury affect the yield, 
or how much recovery the plant may possibly make after injury 
are questions often difficult to answer. The effect of weather 
on recovery is another important factor. In some seasons oats 
broken off near the ground by hailstorms have stooled out and 
produced a fair crop, while in other years the same amount of 
injury at apparently the same stage of growth has resulted in 
total loss. 
Because almost no information was available as to how much 
different types of injury at various stages of growth affected 
the yield, the Iowa Agricultural Experiment Station carried on 
investigations during the years 1930, 1931 and 1932, to deter-
mine the effect of some definite types of injury on the develop-
ment and yield of oats, barley and winter wheat. 
These investigations were planned and carried out in an at-
tempt to answer some of the questions which frequently con-
front the hail insurance adjuster, such as the following: 
1. How much does injury while the grain is in the grass 
stage decrease the yield ~ 
2. How late in the season can complete destruction of the 
above ground portion of the plant occur with some chance of 
recovery? 
3. How much does partial defoliation at different stages af-
fect the yield? 
1 Project No. 349 of the Iowa Agricultural Experiment Sta tion. 
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4. What effect does a bruise or blow on the head while it is 
still in the boot have on the yield 1 
5. Will injury to the head of oat plants at an early stage of 
development result in the so-called" silverhull" or "blastY" 
6. How much will breaking the straw sharply, so the heao 
hangs down, affect the yield? 
MATERIALS AND METHODS 
In 1930 Iogold oats and Velvet barley were used for the dam-
age studies. In 1931 and 1932 Iobred winter wheat was added 
to the experiment and the work on oats and barley continued. 
At the normal seeding dates for central Iowa (about Sept. 
25 for winter wheat and April 5 for oats and barley) the graill 
was drilled in rows 1 foot apart and 35 feet in length. 
The injury was inflicted at weekly intervals, beginning on 
May 19 in 1930, May 11 in 1931, and May 10 in 1932. Three 
replications of three rows each were injured at each weekly 
period. The injured rows and check (uninjured) rows were 
separated by border rows so that border effect was eliminated. 
The following five types of injury were inflicted. 
1. PLANTS BEATEN OFF AT THE SURFACE 
In this type of injury the plants were beaten with a heavy 
whip until the row was practically obliterated. While the 
plants were small and still in the grass stage it was possible to 
obliterate the rows by beating. After they reached the jointing 
Fig. 1. Oats beaten off a t the surface a t weekly interva ls. Left to right: 
Check, May 11. May 18. May 25. June 1. June 8. June 15 (stake not shown). 
Cards show the height of the plants. Photo June 24 . 1932. 
2B7 
Fig. 2. Oats cut off above the growing point at weekly intervals. Left to 
right: Check, May 11, May 18, May 25. Cards show the height of the 
plants. Photo Junle 24, 1932. 
stage the plants were cut off at the surface of the ground and 
the stubble whipped until nothing showed but the bare earth. 
Figure 1 shows oats injured in this manner. This was the most 
severe type of injury inflicted. A hailstorm, no matter how se-
vere, could not cause greater injury to small grain. 
2. CUT OFF AT THE SURFACE OF THE GROUND OR ABOVE 
THE GROWING POINT 
In this type of injury the plants were cut off at the surface 
until the growing point pushed up out of the crown of the 
plant. From then on until the heads began to show the plants 
were cut ,off just above the growing point. This type of injury 
would be similar to close grazing by horses or sheep, but was 
more severe than the closest early grazing because no leaves 
were left until the growing point appeared. (Fig. 2.) 
3. WHIPPED LIGHTLY 
This type of injury was supposed to simulate a medium se-
yere hailstorm. In the early or grass stage of the development 
of the plant the injury had the effect of removing about 25 per-
cent of the leaves and bruising and crushing most of the others . . 
Later, after the jointing stage and up to maturity, this type of 
injury resulted in breaking and crushing all the stems and en-
tirely breaking off about 10 percent of them. Figure 3 shows 
the effect of this type of injury on wheat and fig . 4 on oats. 
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4. HEADS BRUISED 
This type of damage was planned to simulate the effect of a 
hailstone striking the head while it was still in the boot, or just 
Fig. 3. 'Wheat "whipped lightly" on May 31. 
Left. check; right. injured plants. 
emerging. A board 
was held along one 
side of the row at 
the height of the 
heads and the heads 
struck a sharp blow 
from the other side. 
A stick about lis-inch 
in diameter was used. 
The board was held 
against the row so 
the heads would be 
bruised but not brok-
en over. The blows 
were lapped and the 
rows struck from one 
side and then re-
peated from the op-
posite side so that 
practically eve l' y 
head was struck at 
least once and many 
of them twice or 
l)lore. The experi-
ment was designed 
to measur'e the effect of a rather severe bruise on the developing 
head but with very few straws broken or kernels knocked out 
Fig. 4. Oats "whipped lightly" at weekly intervals. Left to right: Check. 
May 11. May 18. May 25. June 1. June 8. June 15. Photo June 24. 1932. 
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of the head. Figure 5 shows oats panicles injured by the fore-
going method. 
5. STRAW BROKEN 
In this experiment all of the plants were broken over just 
high enough above the ground to allow the heads to hang down 
parallel to the stem without touching the ground. It was in-
tended to measure the effect of broken straws at different stages 
of development. The breaking was done by bending the stems 
sharply over a stick held parallel to the surface of the soil. Fig-
ure 6 shows oat plants which had been injured in this manner. 
Fig. 5. Oat panicles showing the effect of bruising them while still in the 
boot. Injury on June 7. Left. bruised panicles, right check . The panicle at. 
tbe extreme left shows two natura lly ste rile spikelets on the lowes t branch 
(closest to the stem) and th,'ee spikelets injured by a blow just a bove and 
two norma l spik ele t s a t the extreme end of the branch. 
HARVESTING AND COMPUTING YIELDS 
Maturity was delayed by some of the treatments, and it was 
necessary, therefore, to delay harvesting these late maturing 
plots in order that all the grain would be harvested at the same 
stage of maturity. 
Each row was harvested separately, tied into a bundle and 
the heads placed in a heavy paper bag to prevent loss from shat-
tering. The bundles, after curing in the shock, were threshed 
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in a small thresher 
used for threshing 
the small grain 
breeding nul' s e r y 
rows. The weight of 
grain from each row 
and the weight per 
bushel were record-
ed. These weights 
were used to com-
pute yield per acre in 
bushels and yield in 
percentage of check. 
All yield data on the 
injured plots are re-
ported in percentage 
of the yield of the 
uninjured, or check, 
plots. 
Fig! 6. Straw broken on June 21. Left, in-jured plants; right check plants. Photo June 
24, 193 ~ . 
The data on weight 
per bushel were very 
erratic, and it Was 
not possible to es-
tablish any .definite 
TABLE 1. STAGES OF DEVELOPMENT OF OATS, BARLEY AND WINTER WHEAT 
AT SUCCEEDING WEEKLY INTERVALS. 
Date* Plant I height, 
inches 
5-11 
5-18 
5-25 
6- 1 
6- 8 
6-15 
6-22 
6-29 
7- 6 
1930 
Stages of Development 
I Plant I height, IDches 1931 
WHEAT 
16 Four to five nodes 
20 
above ground. 
Growing point 9" 
above ground. 
23 Growing point 12" 
above ground; early 
boot stage. 
28 20% of heads be-
ginning to emerge. 
38 Earliest heads be-
40 
ginning to bloom. 
85% of heads 
through blooming. 
40 Early milk stage. 
40 Nearly mature; 
check rows harvest-
ed July 1. 
1 Plant I heigh , 
IDches 
1932 
14 Two to three node. 
above ground. 
16 Growing point 7" 
28 
above ground; three 
nodes above ground. 
Heads in the boot, 
16" above ground. 
32 10% of heads fully 
oot ; 80% partly out. 
46 Nearly through 
blooming. 
46 Early milk stage; 
very rank; much 
lodging. 
46 Late milk stage. 
46 Nearly mature; 
check rows harvest-
ed July 1. 
*This is the mean date . The actual dates were one day later in 1930 and one day earlier in 
1932. 
Date* Plant I height. 
inches 
1930 
29] 
TABLE 1. Continued. 
Stages of Development 
I ?~\:ht l 1931 Inches 
OATS 
I Plant I ?eight. Inches 1932 
~11 3 Grass stage; grow- 5 Grass stage; grow-
ing point just out of ing point not out of 
crown. the crown. . 
~ 18 3 Grass stage ; growing 5 
point not out of crown. 
Growing point not 7 Growing point near 
the surface. 
Growing point 2" 
above ground. 
Growing point 5" 
above ground; 3 
nodes aboveground 
Heads in the boot; 
a few just showing; 
rank growth. 
above the surface. 
5-25 5 Growing point not a- 6 
hove surface. 
Growing point 72" 11 
above ground. 
6- 1 12 Growing point 4". a- 12 
bove ground; 2 to 3 
nodes above ground. 
Growing point 4" . 14 
above ground; 2 
nodes above ground 
6- 8 18 Growing point 10 to 20 
12" above ground. 
Heads forming. 
Heads in the boot; 25 
nODe emerged. 
6-15 22 Tip of panicle emerg- 32 
ing on 75% of plants. 
10 to 15% of heads 37 
out; others emerg-
35 % of heads out; 
others emerging. 
ing. 
-22 35 Kernels beginning to 34 
develop. 
Earliest plants in 40 
milk stage, rest in 
water stage. 
Most of the heads 
in milk stage. 
6-29 36 Milk stage. 35 Late milk stage; ri- 40 Late milk to soft 
d ough stage. 
Mature; checks har-
vested July 5. 
pening rapidly. 
7- 6 36 Soft to hard dough 35 
stage; tips of panicles 
beginning to turn yel-
Mature; checkshar- 40 
5-11 
~18 
5--25 
6- 1 
6--8 
6--15 
6--22 
6--29 
7- 6 
low; harvested J uiy 
13. 
4 Grass stage; growing 
point not out of the 
crown. 
9 Growing point 1" a-
bove ground. 
16 Growing point 6" 
above ground; 3 nodes 
above ground. 
24 Heads in the boot; 
few showing. 
36 Nearly all plants fully 
headed. 
40 Water to early milk 
stage. 
40 Soft dough stage; 
awns beginning to 
turn yellow. 
40 Hard dough stage; 
heads nearly all turn-
ed yellow; harvested 
July 11. 
vested July 7. 
BARLEY 
4 Grass stage; grow-
ing point just out 
of the crown. 
8 Growing point not 
above the surface. 
12 Growing point 2" 
above ground. 
16 Growing point 9" 
above ground; 3 to 
4 nodes above 
ground. 
34 Most of the heads 
emerging; afew ful-
lyout. 
38 80% of plants fully 
headed. 
40 Early milk stage. 
40 Hard dough stage; 
ripening rapidly. 
40 Mature; checkshar-
vested July 2. 
6 Grass stage; grow-
ing point near the 
surface. 
7 Growing point near 
the surface. 
12 Growing point 4" 
above ground. 
17 Growing point 6" 
above ground. 
35 Nearly all heads out 
of the boot; growing 
rapidly. 
40 95% fully headed; 
kernels in water 
stage. 
40 Late milk to soft 
dough stage. 
40 Soft to hard dough 
stage;heads turning: 
ripening rapidly. 
40 Mature; checks har-
vested July 2. 
correlation between weight per bushel and date or type of 
damage, so these data are omitted. 
In drawing conclusions from the data obtained it was neces-
sary to use the stage of maturty at whch the injury was inflicted 
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rather than the actual date, since the stage of maturity is a 
more important factor than the date in determining how much 
a certain type of injury affects the yield. 
Table 1 gives the stages of maturity of each crop on succeed-
ing weekly intervals. This table shows that there is consider-
able difference in maturity on the same date in different sea-
sons and between the different grains. 
DISCUSSION OF RESULTS 
PLANTS BEATEN OFF AT THE SURFACE 
Tables 2, 3 and 4 and fig . 7 give the data for this type of in-
jury. There is a fairly good correlation between the three 
crops and also similar trends for each season. For the oats 
the yields were reduced about 10 percent from injury on May 
11 and dropped rather rapidly with each succeeding weekly 
injury until at the boot stage there was no recovery. 
Yields of barley and wheat showed similar trends, the stage 
""hen there was no recovery being about the same as for oats, 
namely, when the heads were in the boot. If considered by 
date of injury, the barley and wheat appear to be less able to 
recover, or show inability to recover at an earlier date, but 
TABLE 2. YIELD, IN PERCENTAGE OF CHECK, OF OATS INJURED IN DIF-
FERENT WAYS AT SUCCEEDING WEEKLY INTERVALS. 
Type of damage Year May 
11 
--
A. Plants beaten off 1930 
at the surface. 1931 91.4 
1932 88 . 6 
Mean 90 . 0 
B. Cut off above the 1930 
growing point 1931 84.8 
1932 81.2 
Mean 83 . 0 
C . Whipped lightly 1930 
1931 89.9* 
1932 88 .8* 
Mean 89 .3* 
D . Heads bruised 1930 
1931 
1932 
Mean 
E. Straw broken 1930 
1931 
1932 
Mean 
Bu. per A. 
Yield of check plots 1 1930 1 51. 3 1 1931 36 .8 
1932 65 .8 
Mean 51.3 
(1930, 1931 and 1932) 
May May June June 
18 25 1 8 
----- - --
46.6 21.9 14.8 10.3 
45.1 42.0 27.4 6.9 
61. 7 26 . 6 21.9 0 . 7 
51.1 30.2 21.4 6 . 0 
42.9 74.6 
40.7 82.2 
61.7 65.3 
51.2 63.5 74 . 6 
75 . 6 86.3 28.1 
84 . 6 80.3 89.0 48 . 1 
80.8 70 . 1 55.5 32.7 
82.7 75 .3 76 . 9 36.3 
97 . 1* 
89 .8* 
81.6 
89.5 
52.4 
48 .5 
59 .3 
53.4 
*This mean is not significantly less than check. 
June June June July 
15 22 29 6 
--- - - ----
0 . 0 0.0 
0 . 0 0 . 0 
- -
0 . 0 0 .0 
0 . 0 0.0 
32.6 
27.8 
20 . 1 0.0 
100 . 0* 81.0 
100.0* 
75 . 4 
91.8 81.0 
56.3 54.5 71.8 83 . 0 
69.2 71.0 83 . 1 92.9* 
61.5 80 . 7 74 . 1 
62 . 7 68 . 7 76.3 87.9 
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TABLE 3. YIELD, .IN PERCENTAGE OF CHECK OF BARLEY INJURED IN DIF-
FERENT WAYS AT SUCCEEDI NG WEEKLY INTERVALS. 
Type of damage Year May 
11 
---
A. Plants beaten off 1930 --
a t the surface. 1931 96.4 
1932 17. 2 
Mean 56.8 
B. Cut off above the 1930 --
growing point 1931 91. 9 
1932 21.0 
Mean 56. 4 
C. Whipped lightly 1930 --
1931 91.3 
1932 63.5 
Mean 77 . 4 
D. Heads bruised 1930 
1931 
1932 
Mean 
E. Straw broken 1930 
1931 
1932 
Mean 
Bu. per A. 
Yield of check plots 1930 42.9 
1931 32.8 
1932 29 . 2 
Mean 35.0 
(1930, 1931 and 1932) 
May May June June 
18 25 1 8 
----------
37.7 25.3 2.8 0.0 
46.6 43.4 6.7 0 . 0 
0 . 8 0.0 0.0 0.0 
28.4 22.9 3.2 0 . 0 
-- 37.0 52.9 
40 .3 80.3 --
8 . 6 57.8 --
24.4 58.4 52 . 9 
-- 75.5 62 . 9 19.1 
96. 1 65 . 0 80.2 31.3 
64.2 37.5 21.8 12 . 7 
80.1 59.3 55. 0 21.0 
69.5 
89.4 
67.9 
75 . 6 
27.4 
64 . 0 
58 . 5 
50 . 0 
-This mean is not significantly less than check. 
June June June July 
15 22 29 6J 
------------
0.0 
0.0 
0 .0 
0.0 
0 . 0 0.0 
41.7 --
25 . 5 --
38 .6 0 .0 
78.8 4.9 . 1 
100.0- --
-- --
89.4 49 . 1 
51.6 55.2 76 . 0 88.0 
83.0 79.3 89.5- 89.1 
81.5 81.5 98 .5- --
72.0 72.0 88.0 88.5 
TABLE 4. YIELD, IN PERCENTAGE OF CHECK, OF WHEAT INJURED IN DIF-
FERENT WAYS AT SUCCEEDING WEEKLY INTERVALS. 
(1931 and 1932) 
Type of damage Year May May May June June June June June July 
11 18 25 . 1 8 15 22 29 1'6 
-------------------------
A. Plants beaten off 1931 52.7 34.5 24.2 4.3 
at the surface 1932 6.2 0 . 0 0.0 0.0 0.0 0.0 
Mean 29.4 17.2 12.1 2.1 0.0 0.0 
B. Cut off above the 1931 72 . 8 63.8 
growing point 1932 58.6 73.3 89.6' 
Mean 65.7 68.5 89.6-
C. Whipped lightly 1931 89.9 59.7 46.4 21.1 18 .0 
1932 59.0 49.8 37.3 20.0 26 .6 30 .7 
Mean 74.4 54.7 41.8 20 . 5 22.3 30.7 
D. Heads bruised 1931 87.4 82.8 80.2 
1932 91.4 93.7 92.4 --
Mean 91.4 90.5 87.6 80.2 
E. Straw broken 1931 46.3 46.0 49.5 77 .0 93.0-
1932 64.8 70.2 89.0 94.3- 91.1-
Mean 55.5 58.1 69.2 85.6 92.1 
Bu. per A. 
Yield of check 
1
1931 1 41.9 1 1932 33.0 
Mean 37.5 
*This mean is not significantly less than check. 
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A. PLANTS BEATEN OFF AT SURFACE 
25 8 
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I I 
I I 
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• -------- Barley 
.. - '--'- Wh=+ 
15 22 2~ G 
JULY 
Fig. 7. Yield in percentage of "check" from plants beaten off at the sur-
face at weekly intervals. . 
when stage of maturity is considered it will be seen that their 
behavior is similar to oats. 
The results of this experiment indicate that grain severely 
injured in the grass stage, before the growing point is above tile 
surface, is reduced in yield 10 to 50 percent, depending on sea-
son and stage of maturity. When the growing point is 1 to 2 
inches above the surface the yield is reduced about 70 percent. 
(Note yields and stage of maturity for wheat on May 11, barley 
on May 18 and oats on May 25.) Yields which resulted from 
plots injured after the growing point was above the surface 
came from new tillers which developed after the injury. 
Several experiment stations have reported the results of clip-
ping and pasturing grain, especially winter wheat. The Kansas 
Station (7) ' reported yield reductions of 5 percent to 19 percent 
for "moderate pasturing" of winter wheat from April 15 to 
May 1 in ont series of tests, while in another experiment there 
was an increased yield of 1.9 percent on fallowed land and a 7 
percent decrease on cropped land, while in wheat on fallow, 
clipping in "late spring" reduced the yield 24.6 percent. The 
Ohio Station (11) reported the following results from clipping 
winter wheat in 1922 and. 1931. 
May 5,1922 . 
Olipped 3 inches high 
Olipped 7.5 inches high 
Not clipped 
May 8,1931 
Olipped 3 inches high 
Olipped 6 inches high 
Not clipped 
3.8 bu. per A. 
15.2 bu. per A. 
24.7 bu. per A. 
Wheat 20 inches high 
5.8 bu. per A. 
11.9 bu. per A. 
33.5 bu. per A. 
Kiesselbach (8) has reported results from pasturing and mow-
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ing studies with winter wheat. In a season when the wheat 
grew very rank and the untreated wheat lodged badly he ob-
tained an increased yield of 13.1 percent for mowing at a 
height of 5 inches when ·the wheat was 12 inches high and the 
growing point was just above the surface; he obtained an in-
crease, of 24.6 percent for pasturing from March 31 until April . 
30 with" several head of cattle pel' acre." During three seasons 
of normal growth of winter wheat when no lodging occurred 
the yield was reduced from an average of 39.4 bushels to 26.5 
bushels by pasturing. Clipping April 30 to a height of 5, 3 and 
1% inches gave yields of 27.2, 25.4: and 20.1 bushels, respec-
tively, as compared with 27.8 bushels for unclipped wheat. 
Clipping May 5 to 5, 3 and 1% inches gave yields of 19.9, 16.5 
and 11.0 bushels, respectively. Clipping May 10 to 5, 3 and 1% 
inches gave yields of 14, 10.8 and 7.3 bushels, respectively. 
Clipping May 15 to 5, 3 and 1% inches gave yields of 8.1, 
5.7 and 3.3 bushels pel' acre, respectively. Removing all the 
leaves of winter wheat 3,10 and 17 days after heading reduced 
the yield from ·36.8 bushels for the check to 29.6, 32.7 and 35.5 
bushels, respectively, for an average of 4 years. An average of 
28 days was required to mature after heading. 
Klages (9) reporting on simulated hail injuries to flax con-
cludes that "mechanical injuries to the stems of flax plants 
led to materially greater reduction in yield than injuries to or 
even removal of the leaves." 
PLANTS CUT OFF ABOVE THE GROWING POI NT 
(Tables 2, 3 and 4 and fig . 8.) This phase of the experiment 
shows the close relation between leaf area and yield, since no 
injury was inflicted on the culms. With oats and barley the 
yield was reduced more on May 18 than on May 11 or May 25. 
IL<- I I I I I 
/ B. CUT OFF ABOVE GROWING POINT 
0:-V' ,J/-
" , , 
" 
0 
0 
II 
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\ V 
"" , 
'" , ","" 
18 
",,'" 
.'" 
. 
25 
"" 
"" 
8 
JUNE 
• Oa~ 
• ------ Barl",y 
A-· __ · _ Wheat 
15 zz 2~ G 
J ULY 
Fig. 8. Yield in percentage of "check" from plant s cut off above the 
growing point at weekly intervals. 
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These results correlate with the development of the plants. On 
May 11 they were still small, and a minimum of leaves was re-
moved. A week later they had put out many more leaves, but 
the growing point was still below the surface so all leaves were 
removed. On May 25 the growing point on the oats averaged 
about 1 inch above ground so that the plants were cut about 2 
inches high, leaving many lower leaves. On the barley the 
growing point averaged 3 inches above ground so the plants 
were cut about 4 inches high, leaving still more leaves. Yields 
were reduced more on the barley than on the oats on May 11 
and 18 but more on the oats on May 25 because by that time the 
growing point was higher on the barley and so less of the total 
potential leaf area was removed. With the wheat, on the other 
hand, the growing point averaged about 4 inches above ground 
on May 11, so yields were reduced about the same on this date 
as for barley and oats 2 weeks later. 
Comparing this type of injury with the preceding type it 
appears that the severe pounding of the stubble did little 01' no 
harm in the grass stage, since yields for the first 2 weeks on 
both barley and oats were about the same for both types of 
injury. Later, after the growing point had emerged, the severe 
beating of the stubble in the first type greatly decreased yields 
as compared with the second type of injury, which did not af-
fect the growing point. 
WHIPPED LIGHTLY 
(Tables 2, 3 and 4 and fig. 9.) .The results of this phase of the 
experiment are necessarily somewhat erratic because it was 
very difficult to inflict the same degree of injury at succeeding 
weekly intervals and in the different years. In the early part 
of the season the decreased yield probably was due mostly to 
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loss of leaves. Later, after the stems had developed, injury to 
them was probably more important than loss of leaves since the 
stems were so badly crushed and broken that much of the yield 
came from new tillers which developed after the injury, rather 
than from the heads on broken stems. 
HEADS BRUISED 
(Tables 2, 3 and 4 and fig. 10. ) It was not possible to con-
tinue this type of injury, particularly on barley and wheat, 
after the heads had emerged from the boot because the blows 
inflicted knocked the kernels from the heads instead of only 
bruising them. Since this phase of the experiment was an at-
tempt to measure the injury resulting from bruises on the head 
before it had emerged, or soon after, it was not thought desir-
able to continue after the time when kernels were knocked 
loose from the head. This accounts for the fact that the injury 
was not inflicted as late in the season in 1931 and 1932 as in 
1930. 
A study of the data indicates that the reduction in yield of 
oats was not nearly so great as that of barley and wheat. This 
i~ partly because the heads of barley and wheat, being more 
compact, were bruised worse by striking them against a board 
than were the more loose oat panicles. As will be seen by re-
ferring to the tables, there was not a significant difference in 
the yield of oats due to this type of injury except on the last 
date in 1930. This can be accounted for by the fact that the 
injury was continued after the heads had emerged and many 
kernels were knocked out of the spikelets. The same thing was 
true of the barley for 1930. In 1931 and 1932, as previously 
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mentioned, the treatment was not continued after the heads 
were well out of the boot. 
Tables 2, 3 and 4 show that bruising the heads caused a signi-
ficant decrease in yield for nearly every date of treatment for 
both barley and wheat, although the differences were not nearly 
so great as some of the other types of injury. It is difficult to 
imagine how a hailstorm could cause enough of this type of in-
jury to be important in a hail damage settlement without being 
so severe as to make other types of injury so great as to result 
in an almost total loss. 
One of the reasons for experimenting with this type of dam-
age was to determine, if possible, whether such injury might 
cause sterile or aborted spikelets of oats. This condition is ob-
served more or less commonly in oat fields in many seasons and 
is called" silverhull," "blast," "blindness" and perhaps other 
names. This tendency of oats to produce a rather high per-
centage of sterile or abortive spikelets is frequently the cause 
of considerable disagreement between farmers and hail loss ad-
justers.When a hailstorm occurs while the heads are in the 
boot these sterile spikelets are frequently blamed on a blow 
from a hailstone which might have injured the undeveloped 
spikelet. It is a well known fact that oats often exhibit this 
condition, some years more than others, and certainly in some 
instances when there have been no hailstorms. 
Elliott (2) studying sterility in connection with halo bli!!ht 
of oats obtained an increase in sterile spikelets by spraying the 
heads with sterile water, and Manns (10), working on blade 
blight, concludes that the disease may increase the number of 
sterile spikelets either directly or by weakening the plant. 
}<'ore (4) and Huskins (6) found that different varieties of oats 
varied in the percentage of sterile spikelets. Hewett (5) re-
ported an increase in sterility due to thrips, and Roebuck (12) 
believed that an increase in sterile spikelets was caused by the 
frit fly. Seelhorst (13) found that weather conditions played an 
important part in the amount of sterility. Dorchester (1) re-
ports an increase in sterility, probably due to lower humidity, 
under greenhouse conditions. 
In connection with this investigation counts of normal and 
sterile spikelets were made in 1930 and in 1932. The data are 
presented in table 5. In drawing conclusions from these data it 
should be noted that, except for the check plots, the data for 
the two seasons are not directly comparable. 
In 1930 sterility counts were made on three types of panicles, 
large panicles from the check plots, small panicles from the 
check plots and panicles from the treated plots which showed 
distinctly that they had been injured by bruising. Data in table 
5 show that the total number of spikelets per panicle in the 
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TABLE 5. AVERAGE NUMBER OF SPIKELETS AND PERCENTAGE OF STERILE 
SPIKELETS IN 1930 AND 1932 IN CHECKS AND DAMAGED PLOTS (OATS). 
Size Av. No. Per-
Date of Stage of maturity Treatment of of cent 
damage panicle spike- sterile 
lets 
---- - -
1930 Check Large 46.1 16.4 
Small 20 . 0 40.0 
6- 8-30 Heads forming in the boot D. H eads bruised 43.9 35. 3 
1932 Check Large 32 . 4 4 . 6 
Small 18. 9 5 .8 
5-24-32 Growing point 72 " above A. Cut off at surface and 
ground stubble pounded 27 . 5 14.1 
5- 31-32 Growing point 4" above A. Same as above 
ground 20 .5 13 .6 
6- 7-32 Heads in the boot-a few C. Broken by whipping 
just showing 18.7 34 . 1 
large heads, from the check plots, is about the same as the total 
number of spikelets per head from the bruised plots. The 
smaller heads were tillers or secondary panicles. The increased 
sterility on these secondary panicles may have been caused by 
the fact that the main stems had an advantage in moisture and 
plant nutrients. Spikelets also may have been developing dur-
ing a less favorable period. 
The panicles from the bruised plots on which counts were 
made apparently were all from the main or primary stems. 
Table 5 shows that there were almost twice as many sterile 
spikelets on the bruised panicles as on the large panicles from 
the undamaged check plots. In making the counts on the 
bruised heads the sterile spikelets were divided into two groups, 
those which looked as if they were naturally sterile and those 
which seemed to be the result of a bruise. When divided on 
this basis there were 15.6 percent naturally sterile and 19.7 per-
cent sterile as a result of bruising. There was very little ques-
tion as to which was which, and the counts were made without 
knowing what percentage of sterile spikelets there were on the 
panicles from the check plots. On the basis of this separation 
the number of sterile spikelets on the large panicles from the 
check plots and the n aturally sterile spikelets on the bruised 
panicles agr ees very well. There is no doubt in the author's 
mind but that the amount of sterility was increased by bruising 
the heads in 1930. 
In 1932 no counts were made on plots which had the panicles 
bruised as in series D in 1930. The most nearly comparable 
treatment is the one on June 7 where the plants were broken 
by whipping when the heads were still in the boot. This treat-
ment showed nearly seven times as many sterile spikelets as the 
checks. It would seem logical to conclude that at least part of 
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the increased sterility was caused by the injury to the develop-
ing panicle. 
The plots which were cut off at the surface on May 24 ana 31 
showed nearly three times as many sterile spikelets as the checks, 
but we certainly are not justified in assuming that the treat-
ment was directly responsible for the increased sterility because 
these heads had to develop as tillers from the crown. The in-
creased sterility over the checks can only be accounted for by 
the· fact that these plants were greatly delayed in maturity be-
cause of the damage and developed during less favorable 
weather. 
The literature on causes of sterility, as well as these investi-
gations, indicates that there may be three general causes for the 
condition. The first is a varietal characteristic which results in 
a greater amount of sterility in some varieties than in others. 
The second is unfavorable growing conditions. Perhaps very 
favorable weather early in the season might start the plant out 
vigorously with a potentially large panicle, unfavorable weat.her 
later sharply curtailing its development, so that the total num-
ber of spikelets produced could not all develop normally. Seel-
horst's (13) work would bear out this assumption. This inves-
tigation also points to the same conclusion. In 1930 very favor-
able weather conditions prevailed earlier in the season, but rain-
fall was deficient during the heading and ripening period. 
There was a less favorable early season in 1932, but rains dur-
ing June brought the grain .through with a good yield. Al-
though the number of spikelets per panicle was great.er in 1930 
than in 1932, t.he number which actually developed into normal 
grains was about the same for each year. The t.hird possible 
cause for sterility is injury to t.he developing spikelets while 
still in an early stage of growth. This injury might be the re-
sult of a blow from a hailstone or from a hard beating rain, a 
high wind whipping the grain violently, the attack of insects or 
ot.her mechanical injury. There certainly is no justification for 
the opinion that mechanical injury, such as from hail, is the 
sole cause of sterility. 
STRAWS BROKEN 
(Tables 2, 3 and 4 and fig. 11.) Broken st.raws are sometimes 
the cause of considerable argument in a hail damage set.tlel!lent, 
and no reliable information on t.his question seemed to be 
available. 
In 1930 the author gathered a large number of heads of win-
ter wheat from a field which had been struck by hail about 
June 1 when the wheat was in the bloom stage. The heads were 
gathered when the field was about ripe enough to cut and were 
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Fig. 11. Yield in percentage of "check" from plants having the straw 
b roken at weekly intervals. 
divided into three groups. After drying the yields wera calcu-
lated as follows: 
Av . wt. of Av. wt. of <j~ 
100 heads 100 seeds yield 
Normal undamaged heads 59.17 gms. 3.335 gms. 100 
Straw broken over ncar the 
head but still attached 40.71 gms. 3.175 gms. 68.8 
Straw broken and head on the 
ground but still attached 20.5 gm$. 1.98 gms. 34.8 
The data obtained in these investigations show that straws 
broken over as the heads were beginning to emerge resulted in 
reducing the yield about 50 percent with a gradual decrease in 
injury at succeeding weekly illtcrvals until just before ripening 
1 ime when there was a reduction of appeoximately 10 percent. 
'l'he data would seem to justify the contention of hail insr~rance 
adjusters that broken straws should not be allowed totol dam-
age except where the head hangs down so far that at harvest 
it is cut loose and falls to the ground, instead of being carried 
onto the binder platform. 
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